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(54) COMPONENT SEPARATION MEMBER AND COMPONENT SEPARATOR EQUIPPED WITH 
SAID MEMBER 



(57) This component separating member comprises 
a member main body (44) inserted into a tubular con- 
tainer (42). and at least one ring-shaped elastic mem- 
ber (45). impermeable to liquids, which is provided at an 
outer circumferential portion of an upper portion of the 
member main txxly (44) and which presses against an 
inner wall of the container (42). 

With this component separating member, a reliable 
seal is able to be obtained even at arbitrary positions on 
blood collecting tubes having tapered tube diameters, 
such as plastic blood collecting tubes, and even if the 
container is left to sit for a long period of time after sep- 
aration, it can prevent one component from shifting into 
the other component so as to maintain these compo- 
nents in a stale of complete separation. 
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Description 

TECHNICAL FIELD 

The present invention relates to component separating member and component separating tube provided there- 
with, which are suitable far use m separating the plurality of components in a liquid sample by means of a centrifugal 
separation operation, especially in separating serum and clot in blood specimens by means of a centrifugal separation 
operation 

BACKGROUND ART 

Conventionally, separating member is used to stabilize the state ot separation when a liquid sample is separatee 
by means of a centhfugal separation operation. 

As method for setting this separating member onto test tubes or the like, there is a post-insertion method wherem 
the separating member is inserted after injecting liquid sample into the test tube, and a pre-insertion method wherein 
the separating member is pre-inserted into the test tube; in Doth cases, the separating memoers must be affixed wjthin 
the test tubes before the centrifugal separation. 

The reason for this is that, in the post-insertion method for example, a centrifugal separation operation is some- 
times started without affixing the separating member to the test tube, in which case the separating member sink inside 
the test tube immediately after the separating member is inserted within the test tube or even due to the slight centnfu- 
gal force when the centrifugal separation operation has been started, by which they slide along the inner waif of the test 
lube so as to rub the part of the fiquid sample attached to the inner wall wmch is difficult to peel or drop by means of a 
slight centrifugal force, thereby resulting in inaccurate analysis values. 

Here, a blood separation operation will be explained as an example of a centrifugal separation operation 
Since blood tests are mainly performed by using the serum (blood plasma) separated from the whole blood, pre- 
processes of the test must be conducted in order to separate the blood specimens, collected into blood collecting tubes 
such as spitzes, into blood serum and blood plasma {hereinafter referred to simply as serum), and blood clot or biood 
cells (hereinafter referred to simply as clot). 

Usually, this blood separation operation is performed by putting collected blood sample into blood collecting tube 
such as spitz, then separating these by centrifugal separation into serum as test specimens. However, with this blood 
separation operation, the state of separation between the serum and the clot is extremely unstable, so that even a slight 
bump can mix blood cells from the precipitated clot into the serum, thus 'equinng considerably careful operation when 
handling the blood specimen after separation. 

Numerous methods have been tested to improve the unstable state of seoaration ot the blood specimens after cen- 
trifugal separation in order to simplify the testing procedures, and one example is to use a thixotropic serum separating 
agent having a specific gravity between those of the serum and the clot. 

This serum separating agent may. for example, be composed primarily of a synthetic resin of low molecular weight 
such as silicone oil. having a constant specific gravity and thixotropy, which flows during centrifugal separation to form 
a f/rm partition above the clot. 

However, this type of serum separating agent has the following drawbacks. 

(1 ) When the physical properties of the dot is not normal, a strong partition cannot be formed. For example, when 
the specific gravity is low and the clot is soft as is often seen in dialysis patients, the serum and the clot cannot com- 
pletely separate 

(2) Since the serum separating agents are hydrophobic, they are insoluble in water and dissolvable with oil-soluble 
chemicals. Tnerefore. when the chemical concentration in the blood is measured, the chemicals often dissolve into 
the serum separating agent and result in incorrect analysis values. 

(3) When testing for blood coagulation factors, a serum separating agent cannot be used because the serum sep- 
arating agent can activate the blood coagulation factors. 

(4) The properties of blood differ depending upon the individual. Specifically, there is a need to contain fibrin 
because the generation of fibrin hinders the analysis of the serum after centrifugal separation, but fibrin cannot be 
contained by tne serum separating agent. Since fibrin is especially likely to be generated in the blood of dialysis 
patients, the generation of fibrin cannot be prevented by the serum seoarating agents. 

Therefore, in order to resolve these problems of the serum separating agents, a serum filtering piston such as 
shown in Fig. 26 has been proposed (see Japanese Patent Application. First Publication No. 51-105890). 

This serum filtehng piston i is composed of a disc-shaped filter 2 having a diameter slightly larger than the inner 
diameter of the blood collecting tube, and a cylindrical weight 3 attached to the center of the filter 2 having a diameter 
less than that of the filter 2. As shown in Fig. 27(a). after putting the collected blood 5 into the blood collecting tube 4. 
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the serum f iitei ing piston 1 is inserted into the blood colleaina tuba 4 Th^n ku 

serum filtering pistor, I moves to the boundary betwe^SSom 6 .^^^^^^^^^^ ' 

2 adheres to t(.e inner walls 4a of the blood collectinaTbe 4 ^romnl^ ^ ^^f''^' ^"'^ ''"^^ 

(o allow the serum ,o be withdrawn by dSntalion ' '"^'"^ '"P"^"'" ^^^""^ « '^""^ ♦'^^ <='°' ^ so as 

vent^rdr^i^^be^T^^^^^^^ 

vacuum blood collecting tubes have be^^p^opTs^ wherein rjarbarr^^^^^^^^^^ " 

Additionally, the filter 2 tends to move jerkily, as a result of which there are problems in that it is diffirnit tn h»i.n.. 

aboDere fNter' 2.' ° " ' ^"^^ ^^-'"'"^ °^ clot «n b^ome I^S 

Furthermore, this filter 2 is water-permeaWe arKJ therefore cannot completely separate the comDonenis of the 
serum 6 and the Cot 7; tor example, the Cot components suC as potassium ('k) can shW into the serrafter se^ll' 

The above-mentioned vacuum blood collecting tube with a rubber stopper has drawbacks In that the area of contact 

st™"r.. ' ""'"^ '° 'naintainlirtighmrs^ and tSe rS 

stopper must be pressed by a strong force, thus making the rubber stopper itself bulkv or makinn it Hi«^ i» . 
therubberstopper. Additional., the so-caHed pop-up phenomenon catofbe prln£ ^^thTuS^^^ 
up phenomenon occurs when a stopper which has once been removed is re-engaged; the irSJX con^ fne? is 
compassed when the stopper is engaged, and the stopper even.ua.ly comes due S ex^nsSn o.Te co- 

,^^^"^1^ ""'^^ "'^^ coHecting tubes with gas-barrier films, extra work is required to manually remove 

the film when the serum is poured into a different container after centrifugal separation ^ ^ '° ^^''^^ 

Therefore, the present inventors and others have proposed the following type of blood separating member 
M f ^ section view of a blood separating member 1 1; in the drawing, reference numeral 12denotesa 

whTh iZZ't - « P-astic such as poUylene terephtinila^e (P^^^^^^^ 

ml!!! 1^ I ~ ^'^^"^ '""^ 14 denotes a member main body inserted into the tubular 

TT^Z ^' ^ ring-shaped partition member fitted into the upper circumferen latporJon 

member fnd ^ ?Ip i e""'" ' ' " "^"''^^ ^ ''^^ "^^'^''^^ "^'^ '-'^ P-«- 

, ^l"'^' T®""^^' ^" '""^^ <^'3m6ter slightly less, for example 0.2 ~ 3 mm less, than the inner diameter 

of the mouth portion 1 2a of the blood collecting tube 12. and the inner wall has a plurality of grooves 20a 20c^y^ 
me^ic with respert to the central axis formed at three locations in the axial direction for alLirJ passage of a.> A haTd 
ptestic such as polycarbonate or polyethylene terephthalate resin can be used as the material for this fubulaTmember 

The member main body 14 is an elastic disc having a central portion which thins in the vertical direction so as to 
allow a blood collection needle to pass easily, wherein the bottom surface 1 4b side has a plurality ?gSSs Sla ~1,c 
o mfc'T f ''''T!:°'^. «° Circumferential surface at three loca' onsTymmrc wHh respeC 

he cL i7 J, '"^^^"^ T"" ^ T?^ """^'^ '2 '^^"'"9 ^ cross-sectional trapezoid J shape for fitting 3 

the cap 1 6 IS formed along the central axis at the central portion of the upper surface 1 4c 

du« JntTlT" ^'""^ ^" 'iquid-permeable material or a material which swells 

due to the serum, and has a cross- sectional rectangular shape with a diameter slightly less than the above-mentioned 

ZT^'T" ' ''/r""" °' ''^'^ '^^ ^°™«^t smaller tha^the oUe^S 

eter of the circumferential portion i4a of the member main body 14. "wuioi uwm 

The cap 1 6 is molded i nto an approximate cylindrical shape from butyl rubber or the like having elasticity and excel- 

nelr,™T ^ '1' ? ^ '^^""^ ^ ^''""^^ 23 so as to alL a blo^ cdleJt on 

needle to easily pass through, a fitting convex portion 24 having a cross-sectional trapezoidal shape for fitting with he 

T^an°ZZnr!V 'T"^ t ^ '^"'^ P"^*'""' ""^ ^ ""9-=^«Ped 'itting portion 25 for fitting wit! the moLm 
portion 13b of the tubular member 13 is formed at a peripheral portion of the upper portion. 
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Witn tnis blooa separating niemoer 11 . the serum 6 and the clot 7 can be comoletety separated, and ine mood ceils 
HI ine clot 7 wiH not mix into the serum 6. Furthermore, the serum 6 and the clot 7 can be completely separated even .1 
there are changes in the inner diameter of the blood collecting tube 12 

Additionally, blood sepaiatinQ members 31 such as shown in Fig. 29 have been proposed. 

In Fig. 29. the constituent elements identical to those of the blood separating membei 1 1 of Fig 23 are given the 
same reference numbers and their explanation is omitted. 

A coaxial space portion 33 for hotding air having an open bottom is formed m the central portion of tne memoer 
mam body 32 of the blood separating member 31 . and a cut 34 which allows passage in the vertical direction is formed 
above the space portion 33 in the central portion of the member main body 32 

This cut 34 is not an aperture such as a through hole, and may be cut by a sharp blade such as a carving clade It 
IS normally closed, but may open slightly when a certam load is applied such as during centrifugal separation. 

This blood separating member 31 allows smooth movement between the member main body 32 and the dot. 

However, while the above-mentioned blood separating member 1 1 is effective in completely secrrating the serum 
6 and the clot 7 by performing centrifugal separation after collecting blood, if the blood collecting tuoe 12 is left in a 
refrigerator for approximately one week after separation, components such as potassium (K) in the clot 7 can penetrate 
the blood separating member 1 1 and mix into the serum. 

This IS due to the fact that the partition member 1 5 is formed either from a elastic and liauid-permeable material or 
a material which swells with the serum, so that if left for a long period of time within the blood collecting tube 12 after 
separation, the permeable components in the clot 7 dissolve away from the clot 7 and penetrate the partition member 
15. 

Additionally, the above-mentioned blood separating member 31 sinks to the boundary between the serum and the 
clot while releasing the air from the space portion 33 during centrifugation. then is sealed with the air removed to com- 
pletely separate the serum and the clot, so as to prevent shifting of the clot components to the serum, but the speed at 
which the separating member 31 sinks in the serum during centrifugation cannot be controlled, so that there is a prob- 
lem in that the shock on the clot can be large. 

Controlling the sinking speed of the separating member 31 within the serum during centrifugation is an extremely 
crucial point in order to effectively separate the serum. 

Additionally, with the above-descnbed blood separating member n. it is difficult to obtain a reliable sealing effect 
at an arbitrary position in the blood collecting tube, especially with blood collecting tubes which have tapered lube diam> 
eters such as plastic blood collecting tubes. 

The present invention has been made in consideration of the above-mentioned situations, offers a component sep- 
arating member ard a component separating tube provided therewith, which can completely ensure airtightness above 
and below the member when the member is applied to a container in the handling - • nquid samples, especially the han- 
dling of blood specimens, wherein there is no risk of the separating member aoncnng to the wall surface of the con- 
tamer such as a blood colfectrng tube even when left for a long period of time, so as to result in more accurate analysis 
figures. 

DISCLOSURE OF THE INVENTION 

The component separating memoer according to the present invention comprises a member mam body inserted 
into a tubular container: and at least one ring-shaped elastic member, provided at an outer circumferential portion of an 
upper portion of the member main body, which presses against an inner wall of the container and is impermeable to 
liquids 

When this component separating member is fitted into the container and a centrifugal separation is performed afte.- 
putting a collected liquid sample mside the container, the elastic memoer slides along the inner wall of the container so 
as to control the sinkjng speed of the member main body in the centrifugaliy separated components. Therefore, the 
member main body drops slowly inside the container, moves to the boundary between the plurality of centrifugaliy sep- 
arated components, and presses against one of the components without causing any disturbances. As a result, the 
member main body is stopped at a designated portion, and one component is prevented from moving into the other 
component. Additionally, since the elastic member is impermeable to liquids, even if the container is left to sit for a long 
period of time after separation, one component is prevented from shifting into the other component so as to maintain 
these components in a state of complete separation. 

Witn this component separating member, even if the container is left to sit for a long oeriod of time after separation, 
one component can be prevented from shifting into the other component so as to maintain these components in a state 
of complete separation. 

Another component separating member according to the present invention has at least one elastic portion, formed 
at an outer circumferential portion of an upper portion of a member mam body inserted mto a tubular container which 
completes a circuit in the circumferential direction and presses against the inner wall of the container 

When a centrifugal separation is performed on a collected liquid sample using this component separating member. 
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the elastic membe, presses against the inner wall of the container due to the elastic force, the member main body .s 
stopped at a designated position, and one of the components is. prevented from moving lo the other component layer 
as vwith the above-mentioned component separatino member. Consequently, the member mam body will not shift from 
the designated position during centrifugal separation, so tliat these components are completely separated. 

With this component separating member, one of the components can be prevented from moving to the other com- 
ponent layer due to the member main body stopping at a designated position. Consequently, the member main body 
will not shift from the designated position during centrifugal separation, so that these components can be completely 

Another component separating member according to the present invention comprises a member main body 
inserted rnto a tubular container; and a ring-shaped elastic member which is supported on an outer circumferential por- 
tion of the member mam body so as to be capable of moving in an axial direction of the member main body and which 
presses against an inner wall of said container; wherein a first groove for supporting the elastic member in a state of 
protrusion outward from the outer circumferential portion and a second groove at a position above the first groove for 
housing the elastic member are respectively formed on an outer circumferential portion of the member main body 

Whether the format of this component separating member is a post-insertion format or a pre-insertion format, the 
state prior to performing a centrifugal separation, that is. the state wherein the collected liquid sample is sealed within 
the container along with the component separating member is the same. In this case, the inner circumferential side of 
the elastic member is fitted with the first groove of the member main body, and the outer circumferential side protrudes 
further outward than the outer circumferential portion of the member main body so as to press against the inner wall of 
the container. 

Subsequently, centrifugal separation is petiormed. When the centrifugal separation operation starts and the cen- 
trifugal force exceeds a designated value, the centrifugal force causes the member main body to drop and to shift 
slightly downward while the elastic member is pressed against the inner wall of the container, thereby releasing the 
member main body from the first groove. As the member main body gradually drops, the second groove moves to the 
position of the elastic member so as to house the elastic member. This housed elastic member no longer presses 
against the inner wall of the container, as a result of which the resistance force no longer opposes the sinking of the 
member main body so that it quickly moves to the boundary between the plurality of centrifugally separated compo- 
nents and presses the components downward for separation. 

Due to the above, the areas above and below the member can be held completely airtight when the member is 
attached to the container prior to centrifugal separation, and the component separating member will not adhere to the 
wall surface of the container when left for a long period of time. Consequently, more accurate analysis values can be 
determined. 

Specifically, the following five points can be given as features of the present invention. 

(1) Since the structure is such as to allow centrifugal separation with air held in the space portion, the air acts as a 
cushion to weaken the impact of the blood separating member on the blood clot, and the sinking speed can be con- 
trolled by changing the apparent specific gravity of the member due to compression of the air during centrilugation. 

(2) The top surface of the elastic portion of the member is curved and the neck diameter is reduced so as to 
smoothen the motion of the elastic portion, thereby allowing a reliable seal to be obtained at an arbitrary posiUon 
on the tapered blood collecting tube, 

(3) Since the materia! of the elastic portion has the properties of both elasticity and plasticity, the sealing property 
inside the blood collecting tube can be made stronger and more reliable. 

(4) An elliptical O-ring allows the member to be easily and reliably affixed to a top end of the blood collecting tube. 

(5) The impact on the clot can be reduced and the serum recovery rate can be increased by providing inert particles 
below the member. 



BRIEF EXPLANATION OF THE DRAWINGS 



Fig. 1 is a vertical section view showing a component separating member according to a first embodiment of the 
present invention. 

Fig. 2 is a step diagram showing a centrifugal separation operation of a liquid sample with a component separating 
member according to a first embodiment of the present invention. 

Fig. 3 is a vertical section view showing a modification example of a component separating member according to 
a first embodiment of the present invention. 

Fig. 4 is a vertical section view showing a component separating member according to a second embodiment of 
the present invention. 

Fig. 5 is a single step diagram showing, a centrifugal separation operation of a liquid sample with a component sep- 
arating member according to a second embodiment of the present invention. 

Fig. 6 is a vertical section view showing a modification example of a component separating member according to 
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a second embodimHrit nt \ne present invention 

rig 7 IS a '/ertical section view showing a component separating member according to a third emDodirTient of th~ 
present invention. 

Fig. S is a single steo diagram showing a centriJugal separation operation ot a liquid sample with a component sep- 
arating member according to a third embodiment of the present invention. 

Fig 9 is a vertical section view showing a component separating member according io a fourth embodiment of the 

present invention. 

Fig. 10 IS a vertical section view showing a blood collecting tube 

Fig 1 7 is a vertical section view showing a first modification example of a component separating member according 
to a fourth embodiment of the present invention. 

Fig. 12 js a vertical section view showing a second modification example of a component separatrng member 
according to a fourth embodiment of the presient invention 

Fig T3 is a vertical section view showing a third modification example of a component separating member accord- 
ing to a fourth embodiment of the present invention. 

Fig 14 is a top view showing a third modification example of a component seoaratjng member according to a fourth 
ernbodiment of the present invention. 

Fig. 1 5 is a vertical section view showing a fourth modification example of a component separating member accord- 
ing to a fourth embodiment of the present invention. 

Fig. 16 is a vertical section view showing a component separating member according to a fifth embodiment ot the 
present invention. 

Fig. 1 7 is a vertical section view showing a component separating member according to a sixth embodiment of the 
present invention. 

Fig. 18 is a vertical section view showing a component separating member according to a seventh embodiment of 
the present invention. 

Fig. 19 is a vertical section view showing a component separating tube attached with a component separating 
member according to an eighth embodiment of the present invention. 

Fig. 20 fs a step diagram showing a centrifugal separation operation of a liquid sample with a component separat- 
ing member according to an eighth embodiment of the present invention. 

Fig. 21 is a vertical section view showing a component separating tube attached with a component separating 
member according to a modification example of an eighth embodiment of the present invention. 

Fig. 22 is a vertical section view showing a component separating tube attached with a component separating 
member according to a ninth embodiment of the present invention. 

Fig. 23 IS a vertical section view showing a component separating member according to a tenth embodiment of the 
present invention 

Ftg, 24 is a perspective view showing an elliptical O-ring of a component separating member according to a tenth 
embodiment of the oresent invention. 

Fig. 25 IS a single step diagram showing a centrifugal separation operation of a liquid sample with a component 
separating member according to a tenth embodiment of the present invention 

Fig. 26 is a perspective view showing a conventional serum filtering piston 

Fig. 27 is a Step diagram showing a centrifugal separation operation of a liauid sample due to a conventional serum 
filtering piston. 

Fig. 28 is a vertical section view showing an example of a conventional improved component separating member 
Fig. 29 is a vertical section view showing another example of a conventional improved component separating mem- 
ber 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinbelow, the embodiments of the component separating member and component separating tube provided 
therewith according to the present invention will be explained. 

[First Embodiment] 

Fig. 1 is a vertical section view showing a blood separating member (component separating member) 41 according 
to a first embodiment of the present invention. In the drawing, reference numeral 42 denotes a blood collecting tube 
(tubular container), reference numeral 43 denotes a tubular member fitted into the mouth portion 42a of the blood col- 
lecting tube 42. reference numeral 44 denotes a member main body inserted into the tubular member 43. reference 
numeral 45 denotes a ring-shaped elastic member fitted into the top circumferential portion of the member main body 
44, reference numeral 46 denotes a thin sheet formed from natural rubber or the like which covers the top surface 44b 
of the member main body 44 and is sealed onto the lop end portion 43a of the tubular member 43 by adhesives or the 
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like. 

The blood separating member 41 composes a tubular .nember 43. a member mam body 44 and an elastic member 

'tis. 

The blood collecting tube 42 can be composed of glass or a plastic such as polyethylene terephthalate (PET) and 
5 a concave portron 51 is formed around the entire circumference of the mouth portion 42a 

The tubular member 43 has an inner diameter which is slightly less, for example 0.2 ^ 3 mm less, than the inner 
diameter of the mouth portion 42a of the Wood collecting tube 42: ihe top end portion 43a has an expanded diameter 
so as to UX with the concave portion 51 . and has an inner circumferential surface which has a concave portion 52 formed 
around the entire circumference. 
'0 The material of this tubular member 43 can be a hard plastic with good gas-barrier properties, such as polycar- 
bonate or polyethylene terephthalate resin. 

In this case, the difference between the inner diameters of the blood collecting tube 42 and the tubular member 43 
IS 0.2 - 3 mm. but if the blood collecting tube 42 is plastic, the inner diameter towards the bottom is less than that 
towards the top due to tapering, so that the inner diameter of the Wood collecting lube should be considered for a min- 
1 5 i mum amount of blood. 

The member main body 44 is roughly tubular, having a space portion 53 which opens downward formed coaxiaily 
at a central portion thereof, and the roof plate 54 above this space portion 53 is thinned in the vertical direction so as to 
allow a blood collecting needle to pass easily therethrough. The top end portion of this member main body 44 widens 
outward in a horizontal direction to form an annular portion 55. and a groove 56 is formed around the entire circumfer- 
20 ence slightly thereunder to fit an elastic member 45. 

The member main body 44 has a specific gravity which is between those of the serum and the clot, is easily punc- 
tured by a blood collecting needle, and is soft and elastic so as to be capable of closing up after a blood collecting nee- 
dle has been withdrawn. Specifically, rubbers or elastomers, for example styrene^butadiene rubber, butyl rubber, 
silicone rubber, polystyrene type elastomers, polyamide type elastomers, or silicone type elastomers, or those wherein 
inorganic materials such as barium sulfate have been mixed into these materials to adjust the specific gravity can be 
used. The hardnesses of the rubber and elastomers should be approximately 30 - 60 degrees accordina to the J ISA 
{JISK6301). 

The elastic member 45 is composed of an elastic non-llquid-permeabi© material which does not allow passage of 
blood serum, formed into a ring having a rectangular cross section with a diameter greater than the diameter of the 
member main body 44. which is pressed by a designated elastic force at the concave portion 52 of the tubular portion 
43. and has a hole in the central portion with a diameter slightly less than the diameter of the groove 56 portion of the 
member main body 44. 

^ Next, a method for separating blood using this blood separating member 41 will be explained with reference to Fig. 

First, a blood separating member 41 is attached to the mouth portion 42a of the blood collecting tube 42. then a 
sheet 46 which covers the top surface 44b of the member main body 44 is sealed onto the top end portion 43a of the 
tubuiar member 43 by means of adhesive or the like, and the cap 61 is attached (Fig. 2A). In this case, the member 
main body 44 must be pressed against the inner wall 62 of the tubular member 43 at a designated pressure or greater, 
so as not to easily slide from the tubular member 43. The interior of this blood collecting tube 42 is held in a reduced 
40 pressure state so as to be a vacuum blood collecting tube. 

Next, this blood separating member 41 is punctured from above by a blood collecting needle 63. and the collected 
blood 5 is iniected. The amount of blood injected is determined by the degree of depressurizatlon inside the blood col- 
lecting tube 42. but is always positioned beneath the member main body 44. and does not go above it. 
Subsequently, this blood collecting tube 42 is left to rest indoors, so as to coagulate the blood. 
45 Thereafter, centrifugal separation is performed (Fig. 2B). The member main body 44 slides down the inner wall 62 
of the tubular member 43 due to the centrifugal force, but the force of buoyancy on the member main body 44 due to 
the blood 5 is zero until the member main body 44 separates from the tubular member 43. Therefore, if the magnitude 
of the applied centrifugal force is 1000 g for example, then the member main body 44 receives the same force as if sink- 
ing through the air at 1000 g. and easily separates from the tubular member 43. During this time, air fills the space por- 
50 tion 53. 

As the centrifugal separation progresses further so that the member main body 44 separates from the tubular 
member 43. the sinking speed of the member main body 44 in the serum 6 is controlled by the elastic member 45 sliding 
along the inner wall 64 of the blood collecting tube 42. Consequently, the member main body 44 slowly sinks inside the 
fcjlood collecting tube 42. moves to the boundary between the serum 6 and the clot 7. and presses onto the clot 7 without 
55 causing any disturbances. As a result, the member main body 44 is affixed to a designated position inside the blood 
collecting tube 42. i.e. the boundary between the serum 6 and the clot 7. thereby preventing the clot 7 from shifting into 
the serum 6 layer. Additionally, since the elastic member 45 is non -liquid-permeable, the components in the clot 7 are 
obstructed from shifting into the serum 6 even when the blood collecting tube 42 is left to stand for a long period of time 
after separation, thus holding the serum 6 and the clot 7 in a completely separated state. 
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This biocd separating member 41 is able lo oe rnoved to the oounaafy oetween the serum and the clot oy centrif- 
ugal force wtth air held <n the space portion 53, by choosing aporopriate shaoes for the space portion 53 and soeofic 
gravities of the member mam body 44. thereby containing the clot. In this case, the air in the space portion 53 aas as 
a cushion to weaken the collision force on the clot, so as lo prevent destruction of blood corpusctes. Furthermore, tne 
root Diate 54 of the space portion 53 does not allow air to escape, so that components can be completely prevented 
from shifting into (he serum 

The air inside the space portion 53 is compressed depending upon the centrifugal force (such as 1000 g or 1500 
g). the amount of blood (such as 3 ml or 9 ml) and the position of the member (the distance from the center of the cen- 
trifuge to the member). While the average specific gravity of the entire member including the compressed air differs 
according to tne centrifugal force, amount of blood and position of the member, separation of the serum and the ctot is 
possible as long as it is between the serum and the clot in the range of ooerating conditions normally applied to the 
serum separation. 

In this case, the sinking speed of the member inside the serum can be controlled by changing the average specific 
gravity of the entire member including compressed air during centrifugation so as to achieve a good state of separation 
between the serum and dot. 

For example, the member main body 44 can have an outer diameter of 12.2 mm and a height of 16 mm. the width 
of the grooves at the portion for fitting the elastic member 45 can be 2.5 mm, the space portion can have an inner diam- 
eter of 4 mm and a depth of 14 mm. and the specific gravity of the entire member can be l .2 

The pressure of the air inside the space portion 53 returns to approximately atmospheric pressure when the cen- 
trifugation is completed, and expands to return to the original volume, but the elastic member 45 is stuck to the inner 
wall of the blood collecting tube 42 at this time, so that the expansion of the air is impeded. As a result, the serum 6 and 
the clot 7 are able to be completely separated. 

Additionally, although blood can be collected by passing through the roof plate 54. air will not leak through the hole 
left by the passage of the blood collecting needle during centrifugation, so that the member will become positioned at 
the boundary between the serum and the dot by any type of centrifugation in normal serum separation. 

As explained above, this blood separating member 41 comprises a tubular member 43 fitted into a mouth portion 
42 of a blood collecting tube 42. a member main body 44 inserted into the tubular member 43. and a ring-shaped elastic 
member 45 fitted into the top circumferential portion of the member main body 44. so that the sinking speed of the mem- 
ber main body 44 in the blood serum 6 can be controlled by sliding the elastic member 45 along the inner wail 64 of the 
blood collecting tube 42. Consequently, the member main body 44 can be stopped at a designated position, i.e. the 
boundary between the clot 7 and the serum 6. thereby preventing the clot 7 from shifting into the serum layer 6. 

Additionally, the elastic member 45 is non-*iquid-permeable. so that even if the blood collecting tube 42 is left for a 
long period of time after separation, components in the clot 7 can be obstructed from moving into the serum 6 in order 
to hold the serum 6 and the clot 7 in a completely separated state. 

Furthermore, even if the inner diameter of the oiood collecting tube 42 changes, the elastic force of the elastic 
member 45 presses it against the inner wall 64 so that the serum 6 and the clot 7 are completely separated. 

While the blood separating member 4i of the present embodiment has a structure wherein a single elastic member 
45 is fitted into the top circumferential portion of the member main body 44. it is possible to have a structure wherein 
two elastic members 45a and 45b are frtted into a groove 56 widened to the annular portion 55 as shown in Fig. 3. 

In this case, two elastic members 45a and 45b slide along the inner wall 64 of the blood collecting tube 42. so that 
the sinking speed of the member main body 44 in the serum 6 can be further controlled, thereby stopping the member 
main body 44 at the boundary between the clot 7 and the serum 6 to reliably orevent clot 7 from moving into the serum 
6 layer 

(Second Emoodiment] 

Fig 4 IS a vertical section view showing a blood separating member {component separating member) 71 according 
to a second embodiment of the present invention. In the drawing, reference numeral 72 denotes a tubular memoer fitted 
into a mouth portion 1 2a of a blood collecting tube 12, and reference numeral 73 denotes a member main body inserted 
into the tubular member 72. 

The blood separating member 71 comprises a tubu<ar member 72 and a member main body 73. 

The tubuJar member 72 has an inner diameter which is slightly less, for example 0.2 - 3 mm less, than the inner 
diameter of the mouth portjon 1 2a of the blood collecting tube 12: the outer circumferential portion 74 of the top end has 
an expanded diameter so as to fit with the mouth portion I2a of the blood collecting tube 12. has an inner circumferen- 
tial portion 75 which protrudes horizontally inward, and a large diameter hole 76 formed in the central portion. 

The member main body 73 is roughly tubular and the lop circumferential portion of this member main body 73 is a 
thin leaf 77 which extends horizontally outward. 

Next, a method for separating blood components using this blood separating member 71 will be explained with ref- 
erence to Fig. 5. 
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After the blood separating member 71 is applied to the mouth portion t2a of the blood collecting tube 12 the 
method is absolutely identical to that of the first embodiment explained above until the blood -s coagulated by storinq 
the blood collecting tube 12 mdoors. so the explanation wiK be omitted. 

Then, a centrifugal separation .s performed. As the member main body 73 drops by sliding along the inner wall 78 
of the tubular member 12. tt receives a force identical to sinking in air at 1000 g. so as to easily separate from the tubular 
member 72. During this fame, the space portion 53 is filled with air. 

As the centrifugal separation progresses further and the member main body 73 separates from the tubular member 
72. the thin leaf 77 slides while pressing onto the inner wall 78 of the blood collecting tube 1 2 so as to control the sinking 
speed of the member main body 73 in the serum 6. and the member main body 73 contains the clot 7 without causing 
any disturbances. As a result, the member main body 73 is stopped at the boundary between the serum 6 and the dot 
7 to prevent clot 7 from moving into the serum 6. 

In exactly the same manner as the blood separating member 41 of the first embodiment, this blood separating 
member 71 is also capable of controlling the sinking speed of the member main body 73 in the serum 6. consequently 
the member marn body 73 can be stopped at the boundary between the clot 7 and the serum 6 so as to prevent clot 7 
from moving into the serum 6 layer. 

While the blood separating member 71 has a single thin feaf 77 extending horizontally outward from the top circum- 
ferential portion of the member main body 73, two mutually horizontal thin leaves 77a and 77b can be extended hori- 
zontally outward from two areas at the top circumferential portion of the member main body 73 as shown in Fig. 6. 

In this case, two thin leaves 77a and 77b slide along the inner wall 78 of the blood collecting tube 1 2 so as to further 
control the sinking speed of the member main body 73 in the serum 6. thereby allowing the member main body 73 to 
be stopped at the boundary between the clot 7 and the serum 6 to reliably prevent clot 7 from moving into the serum 6 
layer. 



[Third EmbodimentJ 

Fig. 7 is a vertical section view showing a blood separating member (component separating member) 81 according 
to a third embodiment of the present invention. In the drawing, reference numeral 82 denotes a tubular member fitted 
into the mouth portion t2a of the blood collecting tube 12. and reference numeral 83 denotes a member main body 
inserted into the tubular member 82. 

The blood separating member 81 comprises a tubular memlDer 82 and a member main body 83. 

The tubular member 82 has an inner diameter slightly less, for example 0.2 3 mm less, than the inner diameter 
of the mouth portion I2a of the blood collecting tube 12, and the inner circumferential surface 84 of the top end is 
formed so that the diameter gradually expands horizontally outward in going upward, in a flare shape for example. 

The member main body S3 is approximately tubular and has elasticity, with a thin leaf 86 which presses the inner 
wall 82a of the tubular member 82 formed unitarily around the entire circumference. 

This thin leaf 86 extends upward and outward from the outer circumferential portion 85. the inner circumferential 
surface has an approximate ring shape which separates from the outer circumferential portion 65 in going upward, and 
a plurality of through holes 87 are formed at uniform intervals around the axis of the thin leaf 86 at the bottom portion 
near the outer circumferential portion 85. 

Next, the method for separating blood components using this blood separating member 81 will be explained with 
reference to Fig. 8. 

After the blood separating member 81 is applied to the mouth portion 12a of the Wood coHecting tube 12. the 
method is absolutely identical to those of the first and second embodiments explained above until the blood is coagu- 
lated by storing the blood collecting tube 12 indoors, so the explanation will be omitted. 

Then a centrifugal separation is performed. As the member main body 83 drops by sliding along the inner wall 82a 
of the tubular member 82. it receives a force identical to sinking in air at 1000 g. so as to easily separate from the tubular 
member 82. During this time, the space portion 53 is filled with air. 

As the centrifugal separation progresses further and the member main body 83 separates from the tubular member 
82. the thin leaf 86 slides while pressing onto the inner wall 78 of the blood collecting tube 12 by means of as elastic 
force so as to control the sinking speed of the member main body 83 in the serum 6. and the member main body 83 
contains the clot 7 without causing any disturbances. As a result, the member main body 83 is stopped at the boundary 
between the serum 6 and the dot 7 to prevent clot 7 from moving into the serum 6. 

In exactly the same manner as with the bfood separating members 41 and 71 of the first and second embodiments, 
this blood separating member 81 also is able to control the sinking speed of the member main body 83 in the serum s! 
so that the member main body 83 is stopped at the boundary between the dot 7 and the serum 6 to prevent the clot 7 
from moving into the serum 6. 
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[Foui'th Emboaimenil 

Fig, 9 IS a '/ertical secnon view showing a blood separating member (component separat»ng member) 91 according 
to a tourth embodiment of the present invention The roof pJate 54 and thin leaf 77 on the member main body 73 of tne 
blood separating member 71 according to the second emoodiment has been curved into a concave shape, and the 
neck portion 93 of the root pJate 54 is made shorter. 

In the first through third embodiments, the elastic member 45 and thin leaf 77 are flat plates which extend hori2on- 
talty outward. However, when these are made into flat plates, the elastic member 45 and thin leaf 7? change shaoe m 
a complicated manner, not uniformly, when contacting the inner walls of the blood collecting tubes 42 and 12. Therefore, 
when sinking through the serum 6 during centrifugal separation, the elastic member 45 and the thin leaf 77 do not 
change shape easily, sometimes making sinking impossible. 

Therefore, by reducing the gap between the thin leaf 77 and the top surface of the member main body 73 of the 
blood separating member 71. curving the top surface 92 of the thin leaf 77 and the member main body 73 Into a con- 
cave shape, and making the d»ameter of the neck portion 93 smaller, the thin leaf 77 is made to change shape uniformly 
wnen contacting the inner surface of the blood collecting tubes 42 and 12. 

For example, if the blood collecting tube 12 is plastic, then the surface is usually taoered so that the diameter is 
slightly reduced from the mouth portion 12a to the bottom portion as shown in Fig. 10. so that the boundary between 
the clot 7 and the serum 6 has a circular horizontal cross-section or an approximate elliptical cross-section when slightly 
inclined. At this time, the circumference of the ellipse is larger than the circumference of the circle. 

In this case, taking the radius of the circle to be a. the minor radius of the elliose to be a. and the major radius to be 
b, then the circumferences can be represented as: 

Circumference of Ellipse: Li sr tt (a + b) 3.14 x (a + b) 
Circumference of Circle: L2 5: jr (2 -s a) ^ 3.14 2 a 

In this case, from the fact that a < b, it follows that L2 < Ll . 

In order to make the thin leaf 77 contact the blood collecting tube 12 without any gaps at the boundary surface 
between the clot 7 and the serum 6. the circumference of the thin leaf 77 when the shape is changed to an ellipse by 
slightly inclining the curved thin leaf 77 should be made to match the circumference of the inclined cross-sectional sur- 
face of the blood collecting tube 12. In order to make this phenomenon possible, the thin leaf 77 is curved and the neck 
portion 93 is made shorter to make it easier for the thin leaf 77 to incline. 

While the relationship between the diameter of the thin leaf 77 and the diameter of the neck portion 93 depenas 
upon the thickness of the thin leaf 77. the diameter of the neck portion 93 should preferably be approximately 25 % - 
45 % of the diameter of the thin leaf 77. 

The reason for the range of 25 % - 45 % is that at less than 25 %. there is the risk of the needle hitting the inner 
wall of the space portion 53 when inserting the blood collecting needle, and al more than 45 %. it becomes difficult for 
the thin leaf 77 to be able to tilt, so that it becomes difficult to sink through the serum 6 during centrifugal separation in 
a blood collecting tube 12 having a tapered surface. 

Aside from being circular, the horizontal cross-sectional shape of tne neck portion 93 can be made rectangular in 
order to make it easier for the thin leaf 77 to tilt. 

If the degree of tapering at one side of the inner diameter of the blood collecting tube 12 is 5/1000 or Jess, then a 
reliable sealing effect can be obtained at the position of the boundary between tne serum 6 and the clot 7. 

As with me blood separating member 71 according to the second embodiment, this blood separating member 91 
ts also able to control the sinking speed of the member main body 73 in the serum 6. and to stop the member main body 
73 at the boundary between the clot 7 and serum 6. Furthermore, the sealing effect improves because the roof plate 54 
of the member main body 73 and the top surface 92 of the thin leaf 77 are curved, and the neck portion 93 of the roof 
Diate 54 IS made shorter, so that the clot 7 and serum 6 can be reliably separated and mutual shifting can be reliably 
prevented. 

While the roof plate 54 of the member main body 73 and the top surface 92 of the thin leaf 77 are curved into con- 
cave surface m the blood separating member 91 according to the present embodiment, the bottom surface of the thin 
leaf 77 can be curved into a concave surface while leaving the top surface 92 flat, as shown in Fig. 1 1. 

Additionally as shown in Fig. 12. the thin leaf 77 can be slightly inclined with respect to the axis Ax of the member 
main body 73. so that one end of the curved top surface 92 flares upward. In this case, blood is able to flow smoothly 
into the curved top surface of the thin leaf 77. so as to reduce the resistance when introducing the member main body 
73 into the blood, thereby allowing the member main body 73 to sink through the serum without jerking to make the 
member main body 73 into a good partition for separating the clot 7 and the serum 6. 

Additionally, as shown in Figs. 13 and 14. a disc-shaped protruding portion 94 having a diameter less than the width 
of the thin leaf 77 can be unitarily provided on the thin leaf 77. In this case, the member main tx3dy 73 can be smoothly 
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introduced mto the blood, thereby making the membet main body 73 into an excellent partition for separating the clot 7 
and serum 6. 

Furthermore, as shown in Fig. 15, one side 77a of the thin leaf 77 can be made thicker than the other side 77b as 
shown in Fig. 15. In this case, after sinking due to the centrifugaf force during centrifugal separation and reaching the 
5 top surface of the serum 6. it is able to smoothly enter the serum 6. Furthermore, open-bottomed slits 95 having lengths 
approximately half that of the height of the member main body 73 can be made to pass through the member main body 
73 can be formed at three positions on the member main body 73 symmetric with respect to the axis Ax. 

By forming the slits 95. the air in the space portion 53 can be removed from under the upper end of the sfits 95 dur- 
ing centrifugal separation. As a result, the amount of air held inside the space portion can be arbitrarily set by arbitrarily 
10 changmg the lengths of the slits 95. 

As a result, the fluctuation width for the apparent specific gravity of the member during centrifugal separation can 
be controlled, so that the sinking speed of the member in serum can be arbitrarily set to arbitrarily control the sinking 
speed. 

15 [Fifth Embodiment] 

Fig. 16 is a vertical section view showing a blood separating member (component separating member) according 
to a fifth embodiment of the present invention. Open-bottomed slits 102 which reach close to the lop portion of the 
space portion 53 are made to pass through the member main body 73 are formed at three positions on the member 
20 main body 73 symmetric with respect to the axis Ax on the blood separating member 91 accoiding to the fourth embod- 
iment. 

Hereinbelow. experimental examples and comparative examples which were performed to clarify the effects of the 
blood separating member 101 wilt be explained. 

25 (Experimental Example) 

A blood separating member 101 having a unitary roof plate 54. thin leaf 77 and member main body 73 was formed 
from an elastomer having a specific gravity of 1 .09 and a rubber hardness of 45 degrees (J IS K-e301). The member 
main body 73 of this blood separating merrtier 101 had a height of 18 mm and an outer diameter of 12.9 mm. and had 
30 air escape slits 1 02 are formed 2.5 mm lower than the top end of the space portion 53. and the slits 1 02 having widths 
of 1 .5 mm formed at three locations symmetric with respect to the axis Ax of the member main body 73. 

The thin leaf 77 had an outer diameter of 13. 6 mm and a thickness of 0.75 mm. while the radius of curvature of the 
curved roof plate 54 and top surface 92 of the thin leaf 77 was 23.6 mm. Additionally, the diameter of the neck portion 
93 was 5 mm. 

35 Furthermore, the blood collecting tube 12 was injection motded from polyethylene terephthalate (PET) to have an 
effective volume of 10 ml, an inner diameter at the top end of 13. 4 mm. and the inner surface was tapered to an incline 
of 3/1 000 on one side. 

The inner diameter at the position of the boundary between the clot and serum in the blood collecting tube 1 2 was 
13. 1 5 mm when assuming the volume of blood injected to be 9 ml, the proportion of serum in the whole blood to be 55 
40 VA/%, and the boundary surface to be horizontal; when assuming the volume of injected Wood to be 3 ml and the pro- 
portion of serum in the whole blood to be 55 V/V%, then the diameter was 13.10 mm. 

Next, two of these Wood collecting tubes 12 were prepared, after which a short tube was inserted into one of the 
b/ood collecting tubes 12 to the position of the boundary between the clot and serum for 9 ml of Wood and a short tube 
was inserted into the other blood collecting lube 1 2 to the position of the boundary between the clot and serum for 3 ml 
45 of blood, then the one Wood collecting tube 12 was injected with 9 ml and the other blood collecting tube was injected 
with 3 ml of bovine fetal serum as a replacement for Wood- 
Subsequently, blood separating members 101 were put into each of these blood collecting tubes 12. then centrifu- 
gally separated for five minutes at lOOO g, whereupon the blood separating members 101 sinked into the serum in both 
blood collecting tubes 12. and were stopped on top of the short tubes which act as stoppers at the positions of the 
50 boundaries between the clot and serum. Additionally, the thin leaves 77 and the inner surfaces of the blood collecting 
tubes 12 contacted in such a way that the entire circumference of the thin leaves 77 completely contacted the inner sur- 
faces of the blood collecting tubes 12 with the Ihin leaves 77 slightly tilted. 

(Comparative Example) 

A member main body having a shape absolutely identical to that of the member main body 73 of the above embod- 
iment, aside from the top surface 92 of the thin leaf 77 and the roof plate 54 being flat, was formed and the same exper- 
iment as described above was conducted using this member main body As a result, it was observed that the member 
main body did not sink to the short tube which acts as a stopper at the position of the boundary between the clot and 
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fhe serum, stopping nai/way. oi slopping above tne serum Additionally, thee contact between tne ih>n leaf 7 7 ana ine 
inner surface of the olood collecting tube 12 was such that the thin lea^ 77 contacted the inner suitace of the blood col- 
lecting tube 12 in a warped state, so that the contact between the entire circumference of the thin leaf 77 and the inner 
surface of the blood collecting tube 12 was incomplete 

In this way. when the top surface of the thin leaf 77 and the roof plate 54 were made tfat m a member mam body, 
warping occurred around the thin leaf 77 when contacting a blood collecting tube 12 having a diameter less than tne 
diameter of the thin leaf 77. so as to generate non-reproducible deformations and present difficulties in the reliability as 
a sealing material. 

With this blood separating member 101 as well, the sealing effect is improved, and the clot 7 and serum 6 can oe 
reliably separated whiie reliably preventing their mutual shifting. 

[Sixth EmbodimentJ 

Fig. 17 is a vertical section view showing a blood separating memoer (component separating member) 105 accord- 
ing to a sixth embodiment of the present invention. The thickness of the fringe portion around the entire circumference 
of the thin leaf 77 of the blood separating member according to the fourth embodiment is made greater than the thici^- 
ness of the thin leaf, so as to form a thick portion 77c having an approximately circular cross-section. 

With this blood separating member 105. the motion of the thin leaf 7 is made more flexible and a seal with the inner 
wall of the blood collecting tube 12 is ensured by reducing the thickness of the thin leaf 77. and the contact area with 
the inner wall of the blood collecting tube is increased without increasing the frictional resistance by making the fringe 
portion of the thm leaf 77 into a thick portion 77c, 

With this blood separating member 105. the thick portion 77c is deformed into a roughly elliptical shape when sink- 
ing through the serum due to centrifugal separation, so as to accurately maintain contact with the inner wall of the blood 
collecting tube 12. Additionally, this thick portion 77c makes movement easier when contacting the inner wall of the 
blood colieaing tube 12 in a roughly elliptical shape. 

With this blood separating member 105 as well, the same effects as with the blood separating member 91 accord- 
ing to the fourth embodiment can be achieved. 

Furthermore, the fringe portion of the thin leaf 77 is made into a thick portion 77c having a roughly circular cross- 
section, so that the contact surface with the inner wall of the blood collecting tube 12 can be increased without increas- 
ing the fnctional resistance, and making movement easier even when contacting the inner wall of the blood collecting 
tube 12, 

While the fringe oortion of the thin leaf 77 has been made into a thick portion 77c having a roughly circular cross- 
section in the present embodiment, it is only necessary that the fringe portion of the thin leaf 77 be thicker than the cen- 
tral portion, so that the cross-sectional shape is not restricted to being roughly circular and may have various cross-sec- 
tional shapes. 

In this way. the blood separating members of the above-mentioned first through sixth embodiments are able to form 
a aartition at the boundary between the serum 6 and clot 7 whiie maintaining air in alt or part of the space portion 53 
when performing centrifugal separation. The advantage of these blood separating members is in the cushioning effec: 
of the air within the space portion 53, which controls the sinking speed of the blood separating member in the serum 
during centrifugal separation, and weakens the force of impact on the dot 7. 

For example, in a centrifugal separation of 9 ml of blood at a centrifugal force of 1000 g. the air inside the space 
portion 53 is compressed by the centrifugal force after the centrifugation operation is started and the blood separating 
member reaches the top surface of the serum. When slits or through holes are formed to allow air to escape from the 
soace portion 53. the air underneath these siits or through holes ran pass through to the outside, but the air above 
these IS trapped in the space portion 53 without escaping, and is wT-npressed by the centrifugal force. 

In this case, when the apparent specific gravity of the blood separating member in consideration of the volume (tne 
weight is ignored) of the compressed air is greater than that of the serum, the blood separating member overcomes 
Duoyancy to sink into the serum. Once inside the serum, the blood separating member sinks through the serum, but as 
the blood separating member drops the centrifugal force increases, and the compression ratio of air in the space portion 
53 of the blood separating member is increased while the volume is decreased, so that the apparent specific gravity of 
the blood separating member in consideration of the volume of air becomes greater. As a result, the buoyancy of the 
blood separating member is overcome so as to increase the sinking speed in the serum. 

The through holes 87 or slits 95 are formed to decrease the amount of air hetd by the space portion 53 in order to 
suppress the fluctuation width of the apparent specific gravity of the blood separating member during centrifugal seoa- 
raiion. thereby broadening the range of control for the sinking speed of the member in serum. 

As explained above, with the blood separating members according to the first through sixth emtx>diments. the sink- 
ing speed of these blood separating members directly after immersion in the serum can be suppressed by holding part 
or all of the air inside the space portion 53. As a result, centrifugal separation can be performed without the blooa cell 
which are suspended in the serum escaping above the blood separating member immediately after centrifugation. 
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thereby decreasing the number of Wood cells on top of the blood separating member 

With regard to these blood separating members, their actual specific gravities need on(y be greater than that of 
serum and can be greater than that of clot, due to the air held in their space portions 53 

Additionally, the thin leaves 77 must be elastic and have plasticity 

J^L'^"""" ^^'^ u^' centrifugation operation is continued until the designated time has passed even after 
the blood separating member has reached the boundary between the serum and the clot. At this time ,S p^ripherS 

he thm leaf 77 itself, so as to form a stronger partition. Additionally, when the centrifugation operation has been halted 
tfie stronger partition formed during centrifugation is continually held in that state due to the thin leaf 77 havinq both 
elasticity and plasticity. a 

....tlllf ^^P^''*'^^"^^l ^^^"^P'e >^as a polystyrene type thermoplastic elastomer, mixed from an 

elastomer with a high molecular weight and an elastomer with a low molecular weight to give it elasticity such as not to 
be deformed dunng work such as when moving the part, or applying to the blood collecting tube, while being soft 
enough to plastically deform to form a partition during centrifugal separation. 

The elastomer used in the experimental example had a specific gravity of 1 .09. a rubber hardness of 45 degrees 
and an elasticity coefficient of 900 kPa. 

Among thermoplastic elastomers of the same type, a thermoplastic elastomer having a high molecular weight is 
mix^ with a thermoplastic elastomer having a low molecular weight to form a thermoplastic elastomer with an elasticity 
coefficient of 1 Mpa or less, and the blood separating member is molded using this elastomer. As a result, the tightness 
of contact of the blood separating member on the inner wall of the blood collecting tube 12 after centrifugal separation 
IS improved so as to ensure a more reliable seal. 

[Seventh Embodiment] 

Fig. 1 8 is a vertical section view showing a Wood separating tube (component separating tube) 1 1 1 according to a 
seventh embodiment of the present invention, wherein a plurality of pellets (grains) 1 12. 112... are inserted into a 
blood collecting tube 12 along with a blood separating member according to the fifth embodiment 

As pellets 1 12. it Is preferable that the pellets have grain sizes In the range of 0.1 ^ 2.0 mm. with a specific gravity 
less than the specific gravity of clot 7. preferably a specific gravity of between those of serum 6 and cfot 7 and that the 
material be inert with respect to serum 6 and clot 7. For example, pellets composed of plastics such as polystyrene and 
ABS resin, or glass beads which have been adjusted for their specific gravity by containing bubbles 

The specific gravities of the pellets 1 12 and the bfood separating member 101 do not each necessarily have to be 
between those of serum and clot, so that the specific gravity of the pellets 1 12 can be less than the specific gravity of 
clot and the specific gravity of the blood separating member 101 can be greater than the specific gravity of serum 

Additionally, a mixture wherein a blood coagulant has been dispersed in a binder which Is water-soluble and inert 
with respect to serum may be adhered to part or all of the surfaces of the pellets 1 12. Furtherinore. as for the types of 
these pellets 112, there can be one type, or two or more types. 

With the blood separating members according to the first through sixth embodiments described above the follow- 
ing types of phenomena can occur at times. 

(1) Bfood cells can ride on top of the member main body after centrifugal separation. 

(2) Since the member main body directly contacts the top surface of the clot layer during centrifugal separation 
there rs the risk of destroying blood cell due to the Impact. 

(3) In order to ensure the stability as a partition, the height of the member main body should be made tall- a height 
of 1 5 ^ 20 mm is necessary Therefore, the increase in volume reduces the effective capacity of the blood collecting 
tube, which results in cost increases. Furthermore, the molding of the member main body can become difficult. 

(4) When the member main body remains as a partition at the boundary between the serum and clot after centrif- 
ugation. serum occasionally exists inside the cfot layer. This fact especially tends to reduce the recovery rate of 
serum. 

This blood separating tube 1 1 1 1mproves upon the drawbacks occurring when the blood separating members of the 
first through sixth embodiments are used. 

Blood is separated using this blood separating tube 1 1 1 by inserting a designated number of pellets 1 1 2 into the 
blood collecting tube 12. injecting collected blood into the Wood collecting tube 12. allowing the blood to coagulate after 
stonng the bfood collecting tube 12 indoors, and inserting the blood separating member 101 into the blood collecting 
tube 12. The blood separating member 101 can be pre-attached to a blood collecting tube 12 into which pellets 12 have 
been inserted, or can be inserted within the blood collecting tube 12 immediately before the centrifugal separating oper- 
ation. Additionally, the amount of pellets is such as to allow a partitfon io be formed to some extent from only the pellets 
1 1 2. and must be an amount sufficient to enter the clot 7 to push the serum 6 within the clot 7 above the blood separat- 
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■ng memoet 91 : speciftcally. C2 0 !3 g is preferable. 

Hereinoelow an exDenmentaf example conducted to claniy me effects ot rne olood separating tune t 1 1 will oe 
explained. 

(Experimental Example i) 

A blood separating member lOl was molded trom an elastomer witn a specific gravity of 1.09 and a rubber hard- 
ness of 45 degrees fJiS K.6301). The height of the member mam body 73 of this blood separating member lOT was 16 
mm (and 9 mm), the outer aiameter was 12.9 mm. and air escape slits 102 having widths of 1.5 mm were formed at 
tnree positions on the member main body 73 2.5 mm beiow the top end of the space portion 53 

The thin leaf 77 had an outer diameter of 13.6 mm and a thickness cf 0.75 mm. and the radius of curvature of the 
curved top surface 92 was 23.6 mm. 

Additionally, the diameter of the neck portion was 5 mm. Furthermore, the bfood collecting tube 12 was injection 
molded from polyethylene terephthalate (PET) such that the inner surface was tapered to an incline of 3/1000 to one 
side, the inner diameter of the top end was 13.4 mm, and the effective volume was 10 ml. 

Next, three of these blood collecting tubes 12 were prepared; the first blood collecting lube 12 had only a blood sep- 
aratrng member 101. the second blood collecting tube 1 2 had a blood separating member 101 having a height of 18 
mm and 0.6 g of pellets 112 composed of polystyrene grains having gra/n sizes of 0.2 - 1.7 mm. and the third blood 
collecting tube had a blood separating member ioi having a height of 9 mm and 0.6 g of pellets 1 12 composed of pol- 
ystyrene grains (PS grains) having grain sizes of 0.2 -1.7 mm. 

The coagulation in the first blood collecting tube 12 was promoted by a coagulation promotion procedure used in 
commercially available blood coHeaing tubes, that is. by coating the inner wall ot the blood collecting tube 12 with a mix- 
lure of polyvinyl pyrroiidone (PVP) and silica grains. 

In the second blooa collecting tube 12. among the 0.6 g of PS grains, 0.2 g were treated with a coagulation accel- 
eration procedure. That is. a blood coagulation promoting agent dispersed in water-soluble polyethylene glycol was 
adhered to the powdered silica microparticles and PS grains with a gram size of 0.2 - 0.4 mm. Grains having a grain 
size of 0.8 - 1 .7 mm were used for the remaining 0.4 g of PS grams. 

6 ml of blood was injected Into each of these first through third blood collecting tubes 12. and these were allowed 
to stand for 60 minutes to coagulate the blood. Then, they were centrifugally separated for five minutes as 1500 g. 

As a result of the centrifugal separation, the blood separating member 1 0 1 was positioned at the boundary between 
the clot and serum to form a partition in the first blood collecting tube 12. but a few blood cells remained on the top sur* 
face 92. Additionally, some serum remained below the blood separating member 101 . 

On the other hand, while the second and third blood collecting tubes 12 exhibited results similar to the first Wood 
collecting tube 12 in that the blood separating member 101 was oositioned at the boundary between the clot and serum, 
they had no blood cell on the tooe surfaces 92 and there was no serum left in the clot layers below the blood separating 
members 101. Additionally, the pellets were concentrated beneath the blood separating members 101 . so as to fill the 
gaps between the clot and the inner wall of the blood collecting tube 12 

In this way by putting at least a designated amount of pellets 1 1 2 beneath the blood separating member 101. blood 
cell can be prevented from coming above the blood separating member 101. and the serum recovery rate can be 
increased by removing the serum from the gaps between the inner wall of the blood collecting tube 1 2 and the clot layer 
beneath the blood separating member 101 . 



(Experimental Example 2) 



This Exoerimental Example 2 is absolutely identical to Experimental Example i . except that the amount of blood is 

3 m!. 

As a result of centrifugal separation, in the first blood collecting tube 12. there was no blood cell on the top surface 
92 of the blood separating member 101 . but the serum had turned slightly brownish and it was apparent that hemolysis 
had occurred. Additionally, some serum remained in the clot layer below the blood separating member 1 0 1 . 

On the other hand, in the second and third blood collecting tubes 12. there was no Wood cell on the top surface 92 
of the blood separating member 101. and no serum was found in the clot layer underneath the blood separating mem- 
oer 101. 

In this way by putting at least a designated amount of pellets 112 beneath the blood separating member 101 . the 
force whereby the blood separating member 101 crushes the clot layer can be converted into a force for pushing the 
surface of the pellets 1 12. thereby preventing hemolysis due to blood cell destruction. 

With this blood separating tube 11 1 . the pellets 1 12 themselves partially function as a partition, so that by putting 
at least a designated amount of pellets 112 beneath the blood separating member 101 . the probability for the existence 
of blood cell on the top surface 92 of the blood separating member 101 after centrifugal separation can be made 
extremely small. 
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Addinonally. the blood separating member lOi sinks and hits the partition formed by the pellets 112 gathennq at 
the boundary between the clot 7 and serum 6 during centrifugal separation, so as to reduce the impact on the clot layer 

Additionally, the pellets 1 12 form a part of the partition, so that the height of the blood separating member 101 can 
be small and the structure can be simple, thereby reducing costs and making molding easier. 

Additionafly. the amount of serum in the gap between the blood separating member 101 and the Inner wall of the 
blood collecting tube 12 can be reduced because the height of the blood separating member 101 can be reduced 

Additionally, even if the dot layer befovw the blood separating member 101 does not completely fill the Wood collect- 
ing lube 12 with clot, the serum is removed when the pellets 1 12 enter the clot layer so as to increase the serum recov- 
ery rate. 



(Eighth Embodiment] 



Fig. 19 is a vertical section view showing a blood separating tube (component separating tube) according to an 
eighth embodiment of the present invention. In the drawing, reference numeral 131 denotes a blood separating mem- 
ber, and reference numeral 132 denotes a cylindrical blood collecting tube (cylindrical container) wherein the diameter 
of the mouth portion 132a has been slightly enlarged, into which the blood separating member 131 has been inserted. 

The Wood separating member 131 comprises a cylindrical member main body 1 33 and an O-ring (elastic member) 

134 having a circular cross-section. 

The member main body 133 is elastic and roughly cylindrical, with a top portion which is contcaL A space portion 

135 which opens downward is formed coaxially at the central portion, the roof plate 136 above this space portion 135 
being thinned in the vertical direction so as to allow a blood collecting needle to pass easily through, and the peripheral 
portion thereof having a diameter enlarged in the horizontal outward direction which has a slight upward curve, thus 
forming a thin feat 137 which is thinner and larger in diameter than the member main body 133. Additionally, a first 
groove 138 having a semicircular cross-section with a maximum depth approximately equal to the radius of the cross- 
section of the O-ring 134 is formed at the outer circumferential portion 133a, and a second groove 139 having a maxi- 
mum depth approximately equal to the diameter of the cross-section of the O-ring 134 is formed at a position above the 
first groove 138. each making a single circuit in the circumferential direction. 

Here, the outer diameter of the member main body 133 between the first groove 138 and the second groove 139 is 
designed to be slightly smaller, so that the O-ring 134 can easily move in the direction of the axis Ax. 

This 0*ring is held by being fitted into the first groove 138. and the elastic force presses it towards the inner wall of 
the mouth portion 1 32a of the blood collecting tube 132. The magnitude of this pressing force is absolutely uninfluenced 
by the force required to pass the blood collecting needle through, but the shape, dimensions, and material of the O-ring 
134 and member main body 133 is set such that during the centrifugation operation, the member main body 133 drops 
when the centrifugal force reaches a value less than the set centrifugal force, for example a centrifugal force of approx- 
imately 800 g for a set centrifugal force of approximately 1000 g. 

Additionally, the diameter of the hole for housing the O-ring 134 is set so as to allow it to be housed within the sec- 
ond groove 139 of the member main body 133 with a slight expansive force. 

The blood separating member 131 should be such that the average specific gravity of the O-ring 134 and the mem- 
ber main body 133 in consideration of the air inside the space portion 135 is between those of serum and clot, should 
allow a blood collecting needle to pass easily through, and should be soft and elastic so as to close up after the blood 
collecting needle has been removed. The average specific gravity of the O-ring 134 and the member main body 133 
without consideration of the air inside the space portion 135 is not restricted to being between those of serum and clot, 
and for example can be greater than that of clot. 

As for the materials, rubbers or elastomers such as styrene/butadiene rubber, butyl rubber, silicone rubber, polysty- 
rene type elastomers, polyamide type elastomers, or silicone type elastomers, or mixtures of these materials with inor- 
ganic materials such as barium sulfate to adjust the specific gravity are preferable tor use. The hardnesses of the 
rubbers and elastomers should be 30 - 60 degrees according to the JISA (JISK6301). 

Next, methods for separating tAood components using this blood separating member 131 will be explained. 

Here, the pre-insertion format will be explained with reference to Fig. 20. 

First, as shown in Fig. 20 A. a blood separating member 131 is put on the mouth portion 132a of a blood collecting 
tube 132, and a cap 141 is attached. In this case, the menrtoer main body 1 33 is pushed downward by the cap 141. but 
(he O-ring 134 fitted into the first groove 138 keeps the member main body 133 from slipping further into the blood col- 
lecting tube 1 32 and stops it at the upper portion of the blood collecting tube 1 32. The areas above and below the mem- 
ber main body 1 33 are completely partitioned. The blood collecting tube 132 is a vacuum blood collecting tube having 
an interior which is held to about 150 mmHg. 

Next, the cap 141 and the blood separating member 131 are punctured from above by a blood collecting needle 
1 42. and collected blood (fluid sample) 1 43 is injected. While the amount of blood injected is determined by the degree 
of depr essurizalion in the Wood collecting tube 1 32, it is always positioned below the member main body 1 33. and does 
not go above it. 
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Next, the blood is coaguiatd by leaving me oiood collecting tube ^ at indoors. 

Then, a centrifuoal separation is performed as shown in F»g 20B Aiter the centf»fugal separation operation nas 
started and the centrifugal force exceeds a designated value (in this case, approximately 800 g). the member mam oodv 
133 drops due to the centrifugal force and shifts slightly downward, whereoy the O-ring which is pressed against me 
tnner wall of the mouth portion 132a is released from the first groove 138. When the member main body 133 drops fur- 
ther due to the centrifugal force, the second groove 139 moves to the position of the O-ring 134 to house it. 

When housed, the O-nng 134 no longer presses against the inner wall of the btood collecting tube 132. so that 
there is no force opposing the sinking of the member mam body 133 other than the pressing force of the thin leaf 137. 
allowing it to sink gradually while maintaining good horizontal balance and moving it to the boundary between the 
serum 145 and the clot 146 to press against the clot 146. At this point, tne elastic force of the thin leaf 137 presses ;i 
against the inner wall of the blood collecting tube 132 Additionalfy. the mutual movement of the member mam body 133 
and the clot 146 during centrifugal separation becomes smooth because tne air inside the space portion 135 aas as a 
cushion. 

As explained above, the member main body 133 moves to the bouncary between the serum 145 and the clot i46 
to press against the clot 146. thereby preventing the clot 146 from moving into the serum layer 145. Therefore, the 
serum 145 and clot 146 are completely separated by this blood separating member 131. so that the blood cells in the 
clot 146 are not able to mix into the serum 145. At the same time, the clot are not destroyed because the impact durmg 
centrifugal separation is reduced. Furthermore, when the inner diameter of the blood collectrng tube 132 changes, the 
thrn leaf 137 presses against the inner wall of the blood collecting tube 132. so that the serum 145 and the clot 1 46 are 
able to be completely separated. 

Next, the post-insertion format will be explained. 

Collected blood 143 is injected into the blood collecting tube 132. and the blood is coagulated by leaving the blood 
collecting tube 132 indoors. Then, a blood separating member 131 is put onto the mouth portion 132a of the blood col- 
lecting tube 132 and the cap I4i is applied. 

Thereafter, the centrifugal separation operation is absolutely identical to that of the above-mentioned pre-insertion 
format. 

In this format also, the member main body 133 moves to the boundary between the serum 145 and the clot 146 to 
press against the clot 146, thereby preventing clot 145 from moving into the serum 145 layer, as a result of which the 
serum 145 and the dot 1 46 are completely separated by this blood separating member 131 to eliminate the proWem of 
blood cells from the clot 146 mixing into the serum 145. 

Hereinbelow, an experimentaf example performed to clarify the effect of the blood separating member 13i will be 
explained. 

Barium sulfate was added to a commercially available elastomer to adjust the specific gravity, and an inactive oil 
was added to adjust the hardness, resulting in an elastomer having a soeclfic gravity of 1.09 and a hardness of 30 
(jlSK6301) This elastomer was molded to obtain a desired member main body 133. 

This member main body 133 had a height of 18 mm. an outer diameter of 12.9 mm. a first groove diameter of n 0 
mm. a second groove r ameter of 9.0 mm. a diameter between the first groove 138 and the second groove 139 of 12.0 
mm. arxj the thin leaf r\ad an outer diameter of 13.6 mm. a thickness of 0.75 mm with a slight upward curvature. The 
roof plate 136 had a thickness of 2.0 mm and a diameter of 5 mm. Additionally, the volume of the member mafn body 
was 1 .65 cm-^. the volume of the space portion 135 was 0. 13 cm^. and the weight was 1 .8 g. 

On the other hand, the O-ring 134 was molded from natural rubber having a specific gravity of 0.93 and a hardness 
of 60. forming a ring having an inner diameter of 8.5 mm. an outer diameter of 1 1.82 mm. and a diameter of circular 
cross secton of 1.66 mm. 

When this O-ring 134 was fitted into the first groove 13S. the outer diameter became 14 mm. and when fitted into 
the second groove 139. the outer diameter became 12 mm. 

Additionally, the blood collecting tube 132 was injection molded from polyethylene terephthalate (PET) to a shape 
such as to have an effective capacity of 10 ml, a heigfit of 100 mm, an inner diameter of 13.4 mm at the top portion, an 
inner diameter of 14.6 mm from the top end of the mouth portion t32a to a depth of 14 mm. and an inner diameter of 
13.10 mm at the bottom portion. 

The O-ring 134 was fitted into the first groove 138 to form the blood separating member 131. and after inserting this 
into the mouth portion I32a of the blood collecting tube 132, the member main body 133 was affixed to the mouth por- 
tion l32a by the O-ring 134. It was discovered that when this member main body 133 is firmly pressed by one s finger, 
the Oaring 134 moves from the first groove 138 to the second groove 139. and the member main body 133 slowly drops 
througfi the blood collecting tube 132. 

Next, a blood coagulation promoting agent was coated onto the insiae of this blood collecting tube. 6 ml of fresh 
blood was injected and left for 60 minutes to allow sufficient coagulation. Next, this blood separating member I3i was 
inserted into the mouth portion l32a of the blood collecting tube 132. and a centrifugal separation was performed for 
five minutes at 1000 g. As a result, the blood separating member 131 was positioned at the boundary between the 
serum t45 and the clot 146. and it was found that there was no blood cell above the member main body 133 and the 
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clot 146 wouid not move through the member main body 133 to the serum T45 side even if the b/ood collecting tube 132 
was inverted. At this lime, the O-ring 134 had moved from the first groove 138 to the second groove i39 

Additionally, upon measuring the potassium concentration inside the serum 145 after centrifugal separation it was 
found to be 4.3 mEq/l immediately after centrifugal separation. 4.4 mEq/l after seven days of storage at 4 indicating 
that the blood separating member 131 had completely separated the serum 145 and the clot 1 46. and that this was sta 
ble over time as well. 

As explained above, this blood separating member 131 comprises a tubular member main body 133 and an O-ring 
134, wherein the peripheral portion of the roof plate 136 of the member main body 133 is composed of a thin leaf 137 
which is larger in diameter and thinner than the member main body 133. a first groove 138 and a second groove 139 at 
a position above the first groove 138 are formed around the entire circumference at the outer circumferential portion 
133a of the main body 133. with the O-ring 134 being supported by fitting into the first groove 138 and being pressed 
against the inner wall of the mouth portion 132a of the blood collecting tube 132 by the elastic force, so as to ensure 
that a complete partition is formed between the areas above and below the member 131 before centrifugal separation. 
Additionally, the blood separating member 1 3 1 can be prevented from adhering to the wall surfaces of the blood collect* 
ing tube 132 even when letting rest for long period of time. As a result, more accurate analysis values are able to be 
determined. 

Additionally, when the inner diameter of the blood collecting tube 132 fluctuates, the thin leaf 137 presses against 
the inner wall of the blood collecting tube 1 32. so that the serum 1 45 and dot 146 are able to be completely separated, 
and the blood cells in the clot 146 can be prevented from mixing into the serum 145. 

Furthermore, when the blood separating member 1 31 is left to stay in the Wood collecting tube 1 32 for a long period 
of time after separation, the thin leaf 137 continues to isolate the serum 1 45 and the clot 1 46. so as to prevent the blood 
platelets in the dot 146 from mixing into the serum 145. 

Additionally, a space portion 135 which opens downward is formed coaxially at the central portion of the member 
main body 133. so that the air filling the space portion 135 is compressed by the pressure generated by the centrifugal 
force and held in a state of entrapment in the space portion 135. as a result of which the partitioning capabilities of the 
roof plate 136 are increased and the shifting of components can be completely prevented by the air layer, even If there 
are needle holes from the blood collecting needle 142 in the roof plate 136. Therefore, the shifting of the components 
of serum 145 and clot 1 46 can be completely cut off. Additionally, the air inside the space portion 135 acts as a cushion 
to reduce the impact on the clot 1 46. 

Additionally, while a first groove 138 and a second groove 139 are formed around the entire circumference at the 
outer circumferential portion 133a of the member main body 133. as an alternative the first groove 138 can be formed 
around the entire circumference at an upper portion of the outer drcumferential portion 133a of the member main body 
133. and the gap 148 formed between the upper portion of the member main body 133 and the thin leaf 137 can be 
made into the second groove, as with the blood separating member 147 shown in Fig. 21 . 

in this case, the O-ring 134 is supported at a position in the upper portion of the ouer circumferential portion I33a. 
so that the depth of the mouth portion 132a can be set so that the bottom end of the mouth portion 132a of the blood 
collecting tube 132 aligns with the position of the O-ring 134. 

[Ninth Emt>odiment] 



Fig. 22 is a vertical section view showing a blood separating member 151 according to a ninth embodiment of the 
present invention. In the drawing, reference numeral 152 denotes through holes formed in the member main body 33 
to connect the first groove 138 with the space portion 135; the other features are exactly identical to those of the tHood 
separating member 131 described above, so their explanations will be omitted. 

With this blood separating member 151. the through holes 152 are sealed off by the O-rings 134 and the areas 
above and below the blood separating member 151 are conpletely partitioned until centrifugal separation is performed, 
so that there is no risk of the collected Wood escaping above the member 133. 

When centrifugal separation is performed, the air below the through holes 152 in the space portion 135 move 
upward through the first groove 1 38 during centrifugal separation, so that the air inside the space portion 1 35 below the 
through holes 152 can be removed. 

Additionally, the through holes 152 are formed in radial directions on the member main body 133. so that the 
amount of air held can be decreased and the fluctuations in the specific gravity of the blood separating member 151 
during centrifugation can be reduced. 

Additionally, if the passage between the areas above and below the member main body 133 must be opened prior 
to the centrifugal separation operation and the areas above and below the member main t^ody 133 must be partitioned 
immediately after the centrifugation is started, then the through holes should be formed so as to connect the second 
groove 139 with the space portion 135. 
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[Tenth Embodimenrl 

F.g 23 IS a vertical section v.ew showing a blood separating member 17^ according to a tenth emood.mont of tn- 
present invention, m the drawing, reference numeial 1 72 denotes an elliptical 0-'«ng 

ihp tl''^if?°7 ^^^^'^'''^ "^^^^^^ '^'''^^ P'^^^ the member ma.n body 133 and the top surface 173 of 

the thin leaf lo7 are curved into a concave shape, and the necK portion 174 of tne roof p>aie 136 is shortened 
.h^nl of t ^^'.r . ' '^1^ composed oi a plastic such as polyethylene, polypropylene or the HKe. havina tne overall 

Shape of an ell.pt.ca nng and a circular cross-sea^on as shown in Fig. 24. wherein the inner circumference's set to be 
approximately equal to the circumference of the groove 138 and the outer circumference iS set to be slightly less than 

' w'th'^Tet^^^^^ '"'""^ ^"^^^"^^^ -^"^^^ ^-^>' fitteo 

Since the blood separating members according to the eighth and ninth embodiments have O-rrngs which are com- 
posed of elastic rubber, they have drav^backs in that their e)astioty does not return to 100% after long-term chanqes 
so that they can be oermanentfy deformed by being pulled. Therefore, if used after the passage of a period of ttmp such 
: as one month after attaching the O-ring 134 to the member main body 133. the O-nng 134 may. after coming loose from 
the first groove 138. move above the blood separating member, i.e. above the th.n (eaf 137. without moving to tne sec- 
ond groove 139 or the gap between the member main body 133 and the thin leaf 137. 

This blood separating member 171 improves upon the drawbacks of the blood separating members of the eighth 
and ninth embodiments. c.yr.u. 

As shown in F,g. 25A. this blood separating member 17i can easily be attached in the blood collecting tube 132 
after the ellipt.caf 0-ring 1 72 is fitted onto the member main body 133. In this case, when centrifugal separation is con- 
ducted after blood 1 43 is injected into the blood collecting tube 1 32 and the blood .s coagulated, the member main body 
133 JS released from the elliptical 0-ring 172 and drops, but the elliptical O-r.ng 172 remains stopped at a designated 
position on the blood collecting tube 132 as shown in Fig. 25B. Once the member mam body 133 is released the bind- 
ing force from the inside stops working on this elliptical O-nng 172. which then presses against the inner wall of the 
blood collecting tube 132 by attempting to return to its onginal elliptical shape, as a result of which the elliptical O-rinq 
1 72 IS affixed to the inner wall of the blood collecting tube 132. 

In this case, if an O-ring formed from a plastic such as polyethylene or polypropylene and having an inner circum- 
ference slightly smaller than the inner wall of the blood collecting tube 132 is used instead of the elliptical Carina i 72 
the member mam body 133 can be easily attached by pushing into the blood collecting tube 132 when the member 
marn body 133 fitted with the O-ring is attached to the blood collecting tube 132: nowever. when the member main body 
133 has been released from the O-ring and dropped after centrifugal separation is started, the O-ring .s stopped at a 
designated position m the blood collecting tube 132 but /s not affixed thereto. Therefore, the O-ring easily moves from 
the designated position with only slight vibrations on the blood collecting tube 132. so that it is always oscillating and 
there is a risk of causing considerable problems in subsequent operations. 

in the above manner, by using an elliptical O-ring 172 comoosed of a plastic such as oolyethylene or polypropylene 
having the overall shape of an elliptical ring and a circular cross-section. it is possible to orevent mishaps when the O- 
rmg is sinking with the member main body 133 during cenfnfugal separation, and to stop the elliptical O-ring 1 72 at the 
designated position m the blood collecting tube 132 

Hereinbelow. an experimental example performed to clarify the effects of the blood seoarating member I7i will be 
explained. 

(Experimental Exampie) 

A member main body 133 was formed from an elastomer having a soeclfic oravity of 1.09 and a rubber hardness 
of 45 degrees {JIS K-6301). This member main Dody 133 had a weight of approximately 2.0 g. a height of 18 mm a 
bottom portion outer diameter of 12.9 mm. a top portion outer diameter of 12.0 mm. ana a space portion 135 which 
opened downward witn a diameter of 4 4.6 mm. Additionally the curved top surface 1 73 had a radius of curvature of 
23 6 mm. Additionally, the thin leaf 137 had a thickness of 0.75 mm. and an outer diameter of 13.6 mm Additionally 
through holes 152 having diameters of 0.5 mm which pass through the member main body 133 in a horizontal direction 
were formed at upper positions above the space portion 1 35 of the member mam body 1 33, so as to allow the air lower 
than the through holes 152 to escape from the space portion 135. Furthermore, a groove 138 for fitting an elliptical O- 
nng 172 was formed at the position of the through holes 152. The diameter at tne bottom of the groove 138 was 1 1 2 
mm. and the cross-sectional surface of this groove 138 was in the shape of a semicircle of 0.7R. 

Tne elliptical O-nng 1 72 was formed from polypropylene. This elliptical O-ring was an elliptical ring having an inner 
ellipse with a minor diameter of 1 0.6 mm and a major diameter of 12.4 mm. and an outer ellipse with a minor diameter 
of 13.2 mm ana a major diameter of 15.0 mm, and having a circular cross-section with a diameter of 1.3 mm 

Additionally, the blood collecting tube 132 was formed from polyethylene terephthaiate material, having an effective 
capacity of 10 ml. a height of 100 mm. an upper portion outer diameter of 16.0 mm, an inner diameter at the same loca- 
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tion of 13.4 mm. with the top end of the mouth portion being machined to enlarge the inner diameter to M 2 mm down 
to a depth of 6 mm. 

At this time, the circumference at the bottom of the groove 138 of the member main body 133 was 3 14 . n 2 - 
35.2 mm. the inner circumference of the elliptical 0-ring 1 72 was approximately 3.14 . (10.2 + 12 4)/2 = 36 1 mm "the 
outer CM cumference was 44.3 mm. and the circumference of the bfood collecting tube 132 at the location where the 
member main body 133 fitted with the elliptical 0-ring 172 is attached was 3.14 x u 2 = 44 6 mm 

After the elhpti^^^ 172 was fitted into this member main body 1 33. it was easy to attach inside the blood co(- 
ecting tube 132. Next, upon applying a centrifugal force of lOOO g in this empty state using a centrifuge, it was con- 
firmed by the noise that the member main body 133 dropped inside the blood collecting tube 132 at a value of 800 a 
When the blood collecting tube 132 was withdrawn after centrifugation. the elliptical 0-ring 172 was affixed at a desla- 
nated position on the blood collecting tube 132. Additionally, although the blood collecting tube 132 was inverted and 
Vibrated, the elliptical 0-ring 1 72 was not moved by small disturbances, and remained firmly attached to the Inner wall 
of the blood collecting tube 132. 

While an elliptical O-ring with a circular cross-section was used in the above embodiment, the cross-sectional 
shape of the elliptical O-nng is not necessarily restricted to ihat of the above embodiment, and various cross -sectional 
shapes are capable of being employed. For example, the elliptical O-ring can have a rectangular cross-section that is 
it may be an elliptical rectangular O-rrng. 

As explained above, during the handling of liquid samples, the component separating member and the component 
separating tube provided therewith according to the present invention completely ensures an airtight seal above and 
below a member when the member Is attached to a container, without the risk of the separating member adhering to 
the wall surface of a container such as a blood collecting tube even when letting stand for long periods of time; as a 
result, it is useful in allowing more precise analysis values to be determined, and is especially suited for use in centrif- 
ugal separation operations wherein serum and clot are completely separated. 



Claims 



1 . A component separating member characterized by comprising: 

a member main body inserted Into a tubular container; and 

at least one ring-shaped elastic member, provided at an outer circumferential portion of an upper portion of 
said member main body, which presses against an inner wall of said container and is impermeable to liquids. 

2. A component separating member characterized by comprising: 

at least one elastic portion, formed at an outer circumferential portion of an upper portion of a member main 
body inserted into a tubular container, which completes a circuit in the circumferential direction and presses 
against the Inner wall of said container. 



3. A component separating member according to claim 2. wherein said elastic portion comprises a thin leaf extending 
horizontally outward from said outer circumferential portion. 

4'. A component separating member according to claim 2. wherein said elastic portion extends upward and outward 
from said outer circumferential portion, and has an inner circumferential surface composed of a ring-shaped thin 
feaf which recedes from said outer circumferential portion in an upward direction, 

5. A component separating member according to one of claims 1 through 4. wherein a space portion which opens in 
a downward direction is formed coaxially on said member main body 

6. A component separating member according to claim 5. wherein a plurality of slits which open in a downward direc- 
tion are formed in said member main body. 

7. A component separating member according to claim 6. wherein top ends of said slits are positioned below a top 

end of said space portion. 



8. A component separating member according to either claim 2 or claim 3. wherein lop surfaces of said elastic portion 
and said member main body are curved into concave surfaces. 

9. A component separating member according to either claim 2 or claim 3. wherein a bottom surface of said elastic 
portion is curved into a concave surface. 



EPO 753 741 A1 



10. A component separating member according to e.thef cia.m 2 Or dami 3. wnere.n top sunaces of saia eiasi.c oor-.c-- 
and safd memtoer mam body aie jnclmed with respect to the axis of said member mam booy 

11 . A componer^t separating member according to one o\ claims S. 9 and 1 0. wherein said elasnc portion has plast.c.t / 

12. A component separating tube characterized by comprising- 

a tubular container ma/n body; 

a tubular member provided at a mouth portion of said container main body and having an inner diameter 
slightly less than an inner diameter of said mouth porjion; and 

a comoonent separatmg member accordmg to one of claims 1 tnrough n. which is inserted into said tubular 
member and presses against an inner wall of said tubular memoer 

1 3. A component separating tube according to claim i2. wherein a thin sheet is adhered to a top surface of said com- 
ponent separating member 

14. A component separating tube according to c^aim 12, wherein an inner wall of said containe/ mam body has a 
tapered tube diameter. 

1 5. A component separating tube according to one of claims 1 2. 1 3 and 1 4. wherein a plurality of particles, which have 
a specific gravity lighter than the heavier component of a Ifquid sample to be separated and which are inert with 
respect to the components, are inserted into said container main body along with said component separating mem- 
ber. 

16. A component separating tube according to claim 15. wherein a matenal. having blood coagulation promoting agent 
dispersed in a water-soluble binder which is inert with respect to blood, is deposited onto the surfaces of saia par- 
tic»es. 



1 7. A comoonent separating tube according to claim 1 5. wherein the surfaces of said particles are treated with a treat- 
ment to promote a coagulation of blood. 

18. A component separating memoer characterized by comprising: 

a member main body inserted into a tubular container: and 

a ring-shaped elastic member which is supported on an outer circumferential portion of said member mam 
body so as to be capable of moving in an axial direction of said member main body, and which presses agams: 
an inner wail of said container; 

wherein 

a first groove for supporting said elastic member in a state of protrusion outward from said outer circumfer- 
ential portion and a second groove at a position above said first groove for housing sa/d elastic member are respec- 
tively formed on an outer circumferential portion of said member main body. 

19. A component separating memoer according to claim 18. wherein an elastic portion which presses against an inner 
wall of said container is formed at an upper portion of said member main booy. 

20. A component separating memoer according to claim 18. wherein said elastic member is composed of an elliptical 
0-ring 



21 . A comoonent separating member according to one of claims 18. 1 9 and 20. wherein a through hole which connect 
said soace portion with either said first groove or said second groove is formed in said member main body. 

22. A component separating member according to claim 19. wherein top surfaces of said member main body and said 
elastfc portion are curved into concave surfaces. 

23. A comoonent separating tube characterized by comprising: 

a tubular container main body; and • 

a component separating member according to one of claims 18 through 22. which is stored inside said con- 
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tainer main body and presses against an inner wail thereof. 

24. A component separating tube according to claim 23. wherein the inner wall of said container main body 
tapered tube diameter. ^ 
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